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(54) Optical information recording medium, method for producing the same, and method and 
apparatus for recording information theron 



(57) The present invention provides a write-once 
optical information recording medium that can achieve 
a high reflectance and favorable recording and repro- 
ducing characteristics such that a high C/N ratio and 
high sensitivity even when information is recorded/re- 
produced with high density. This medium includes a 
transparent substrate (1) and at least one information 
layer (2) formed on the substrate. The information layer 



includes a recording layer made of a material including 
Te, O and M, where M is at least one element selected 
from the group consisting of Al, Si, Ti, V, Cr, Mn, Fe, Co, 
Ni ; Cu, Zn, Ga, Ge, Zr, Nb, Mo, Ru, Rh, Pd, Ag, In, Sn, 
Sb, Hf, Ta, W, Re, Os, Ir, Pt, Au and Bi. A reflectance 
with respect to a light beam incident from the side of the 
transparent substrate after recording information on the 
recording layer is lower than a reflectance before re- 
cording. 
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Description 

[0001] The present invention relates to a write-once 
optical information recording medium capable of record- 
ing and reproducing information signals with high signal 
quality by irradiating a thin film formed on a substrate 
with a high energy light beam such as a laser beam, a 
method for producing the same, and a method and an 
apparatus for recording information thereon. 
[0002] A recording medium is known that allows infor- 
mation to be recorded and reproduced by irradiating a 
thin film formed on a transparent substrate with a laser 
beam focused on a tiny spot. As a write-once recording 
medium, a recording medium is known that includes a 
substrate and a recording thin film of TeOx (0 < x < 2), 
which is a mixture of Te and Te0 2 , formed on the sub- 
strate (JP 50(1975)-46317 A). This recording medium 
can provide a larger change in reflectance by irradiation 
of a light beam for reproduction. 
[0003] The TeOx recording thin film is produced in the 
amorphous state and can form a crystalline recording 
mark by laser beam irradiation, thus eliminating an ini- 
tialization process such as laser annealing. This is an 
irreversible process that makes it impossible to modify 
or erase information by overwriting. Therefore, a record- 
ing medium including the above recording thin film can 
be utilized as a write-once recording medium. The re- 
cording thin film does not require a dielectric protective 
layer or the like because of its high durability, such as 
high resistance to humidity. To reduce the manufactur- 
ing cost, the TeOx recording thin film is used as a single- 
layer film. 

[0004] For the TeOx recording thin film, it takes some 
time until a signal is saturated after recording, i.e., crys- 
tallization in the recording thin film caused by laser beam 
irradiation proceeds sufficiently. Therefore, basically, 
the recording medium including such a recording thin 
film is unsuitable as a recording medium that needs to 
provide high-speed response, e.g., a data file for com- 
puters, in which data are recorded on a disk and then 
examined after the disk makes one revolution. To over- 
come this disadvantage, the addition of Pd and Au to 
TeOx as third elements has been proposed (JP 60 
(1985)-203490 A, JP 61(1986)-68296 A, and JP 62 
(1982)-88152 A). 

[0005] Pd and Au are considered to accelerate the 
growth of crystals in a TeOx thin film when the film is 
irradiated with a laser beam. This allows crystal grains 
of Te and Te — Pd alloy or Te — Au alloy to grow rapidly. 
Pd and Au have high oxidation resistance, and thus they 
do not degrade the superior humidity resistance of the 
TeOx thin film. 

[0006] As a basic means for increasing the amount of 
information stored per recording medium, the following 
is known: the spot size of a laser beam is reduced by 
using the laser beam having a shorter wavelength and 
an objective lens having a greater numerical aperture 
for focusing the laser beam. Also, mark edge recording 



or land and groove recording has been introduced. 
Moreover, a multi-layer structure in which a plurality of 
information layers are stacked has been proposed, and 
a layer recognition means and a layer switching means 

5 for selecting one of those information layers of the multi- 
layer structure also have been proposed. 
[0007] To achieve high-density recording described 
above, the composition of a recording material contain- 
ing TeOx and the additives of Pd and Au as the third 

10 elements, and a recording medium with an improved 
thickness have been proposed as well (JP 9(1998)- 
326135 A, WO 98/09823). 

[0008] In general, it is necessary that a recording me- 
dium should have at least a certain predetermined re- 
's flectance before recording to perform servo control such 
as focusing or tracking. For a reflectance-increase-type 
medium, whose reflectance after recording is higher 
than that before recording, the reflectance is increased 
further after recording. Therefore, in this medium, either 
20 one of the reflectances before and after recording can- 
not be close to zero, which leads to a disadvantage in 
providing larger signal contrast. On the other hand, a 
reflectance-decrease-type medium can reduce the re- 
flectance after recording while keeping the reflectance 
25 before recording high. Therefore, it is preferable in terms 
of servo control and also has the advantage of providing 
larger signal contrast. 

[0009] However, every conventional recording medi- 
um including a TeOx recording thin film is a reflectance- 
30 increase type, whose reflectance after recording is high- 
er than that before recording. 

[001 0] So far no consideration has been given to pro- 
duce a reflectance-decrease-type recording medium in- 
cluding a TeOx recording thin film. This is probably 

35 caused by the fact that TeOx is a reflectance-increase- 
type material, i.e., a material whose reflectance increas- 
es with crystallization, even if the composition or thick- 
ness is changed. However, the present invention pro- 
vides a reflectance-decrease-type recording medium in- 

40 eluding the TeOx recording thin film. 

[0011] A recording medium of the present invention 
includes a transparent substrate and at least one infor- 
mation layer formed on the transparent substrate. The 
information layer includes a recording layer made of a 

45 material that includes Te, O and M, where M is at least 
one element selected from the group consisting of Al, 
Si, Tl, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, Zr, Nb, Mo, 
Ru, Rh, Pd, Ag, In, Sn, Sb, Hf, Ta, W, Re, Os, Ir, Pt, Au 
and Bi. A reflectance with respect to a light beam inci- 

50 dent from the side of the transparent substrate after re- 
cording information on the recording layer is lower than 
a reflectance before recording. 
[0012] A reflectance-decrease-type recording medi- 
um including the above recording thin film can be pro- 

55 vided, e.g., by adding at least one reflectance adjust- 
ment layer to the information layer. Examples of the re- 
flectance adjustment layer include a reflective layer and 
a dielectric layer, which will be described later. In the 
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absence of the reflectance adjustment layer, a reflect- 
ance after recording information on the recording layer 
is typically higher than that before recording. However, 
the presence of the reflectance adjustment layer allows 
reflections from the medium to be adjusted due to the 
optical interference effect, so that a reflectance after re- 
cording is lower than that before recording. The reflect- 
ance adjustment layer can be a single layer or com- 
posed of a plurality of sub-layers. 
[0013] The present invention further provides a meth- 
od for producing the above recording medium, a record- 
ing method, and a recording apparatus. In an embodi- 
ment of a method for producing the recording medium 
of the present invention, an information layer is formed 
on a protective substrate, and then a transparent sub- 
strate is formed on the information layer. The method 
for providing the information layer on the protective layer 
as described above is suitable, e.g., for a thin transpar- 
ent substrate having a thickness of not more than 0.4 
mm. 

[0014] In another embodiment of a method for pro- 
ducing the recording medium of the present invention, 
an annealing process is performed at a temperature of 
not less than 60 °C for not less than five minutes after 
forming at least the recording layer. This method can 
provide a higher C/N ratio. 

[001 5] The recording method of the present invention 
includes recording information on a recording medium 
that moves relative to a light beam by irradiating the re- 
cording medium with the light beam from the side of the 
transparent substrate while modulating the light beam 
between a peak power and a smaller power than the 
peak power so as to form a recording mark. The product 
VT of a linear velocity V of the recording medium with 
respect to the light beam and a time T to maintain the 
light beam for irradiation at the peak power is deter- 
mined, and the time T is set so that the product VT in- 
creases with an increase in the linear velocity V in terms 
of unit length of the recording mark. 
[0016] The recording apparatus of the present inven- 
tion includes the following: a rotation means for rotating 
the recording medium; an irradiation means for irradiat- 
ing the recording medium that is rotated by the rotation 
means with a light beam to form a recording mark; and 
a modulation means for modulating the light beam emit- 
ted from the irradiation means between a peak power 
and a smaller power than the peak power. The product 
VT of a linear velocity V of the recording medium with 
respect to the light beam and a time T to maintain the 
light beam for irradiation at the peak power is deter- 
mined, and the modulation means sets the time T so 
that the product VT increases with an increase in the 
linear velocity V in terms of unit length of the recording 
mark. 

[0017] The thermal interference between the record- 
ing marks decreases with an increase in the linear ve- 
locity of the medium. Consequently, when the recording 
marks are formed to have the same length in the same 



period of time of irradiation of peak power, the recording 
marks become smaller as the linear velocity increases. 
According to the recording method and apparatus of the 
present invention, the irradiation time T is set so that the 

5 product VT of the linear velocity V of the recording me- 
dium and the irradiation time T of peak power is in- 
creased with an increase in the linear velocity V in terms 
of unit length of the recording mark to be recorded. This 
makes it possible to compensate the difference in size 

io of the recording marks. 

[001 8] These and other advantages of the present in- 
vention will become apparent to those skilled in the art 
upon reading and understanding the following detailed 
description with reference to the accompanying figures. 

15 [001 9] FIG. 1 is a cross-sectionai view showing an ex- 
ample of the configuration of an optical information re- 
cording medium of the present invention. 
[0020] FIG. 2 is a cross-sectional view showing an- 
other example of the configuration of an optical informa- 

20 tion recording medium of the present invention. 

[0021] FIG. 3 is a cross-sectional view showing still 
another example of the configuration of an optical infor- 
mation recording medium of the present invention. 
[0022] FIG. 4 is a cross-sectional view showing yet 

25 another example of the configuration of an optical infor- 
mation recording medium of the present invention. 
[0023] FIGS. 5A to 5D show an example of the rela- 
tionship between a reflectance difference AR and the 
refractive index n of a dielectric layer for different wave- 

30 lengths and thicknesses of a recording layer. 

[0024] FIG. 6 shows an example of the relationship 
between a reflectance difference AR and the refractive 
index n of a dielectric layer. 

[0025] FIG. 7 shows an example of a recording appa- 
35 ratus for an optical information recording medium of the 
present invention. 

[0026] Hereinafter, a preferred embodiment of the 

present invention will be described. 

[0027] So far no consideration has been given to pro- 

40 duce a reflectance-decrease-type medium including a 
TeOx recording thin film and no one has pointed out the 
possibility as well. However, the present inventors have 
determined that there are some conditions under which 
the characteristics of a medium including an inherently 

45 reflectance-increase-type recording thin film can be 
changed. As a result, the inventors have confirmed that 
a high C/N ratio and high sensitivity can be achieved 
while maintaining a high reflectance even when infor- 
mation is recorded/reproduced with high density. 

so [0028] In a preferred embodiment of the present in- 
vention, an information layer (an information multi-layer) 
includes a reflective layer on the side opposed to a 
transparent substrate with respect to a recording layer. 
It is preferable that the reflective layer is made of a ma- 

55 terial having a refractive index n of not more than 3 or 
an extinction coefficient k of not less than 1 , particularly 
n being not more than 2.0 or k being not less than 2.0. 
It is more preferable that the reflective layer meets the 
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conditions of n and k at the same time, and in such a 
case, e.g., n is not more than 3 and k is not less than 1 . 
The preferred thickness of the reflective layer is in the 
range of 5 nm to 200 nm. 

[0029] When the reflective layer is provided, it is pref- 
erable that the information layer further includes a die- 
lectric layer that is deposited at least at one of the posi- 
tion between the recording layer and the reflective layer 
and the position between the transparent substrate and 
the recording layer. The dielectric layer is made of a ma- 
terial having a refractive index n of not (ess than 1 .5 and 
has a thickness of 0.01 A/n to 0.3 A/n. In this specifica- 
tion, A, is the wavelength of a light beam (e.g., a laser 
beam) to be used for reproducing information. 
[0030] The dielectric layer has the favorable effect of 
adjusting reflection even when the reflective layer is not 
formed. In such a case, it is preferable that the dielectric 
layer is located on the side of the transparent substrate 
with respect to the recording layer. According to another 
preferred embodiment of the present invention, an in- 
formation layer includes the dielectric layer that is de- 
posited between the transparent substrate and the re- 
cording layer, and the dielectric layer is made of a ma- 
terial having a refractive index n of not less than 1 .5 and 
has a thickness of 0.01 A/n to 0.3 A/n. 
[0031] In the recording medium of the present inven- 
tion, the number of information layers is not limited to 
one. For example, the recording medium can include a 
first information layer and a second information layer in 
this order from the side of the transparent substrate. Al- 
so, it can further include a third information layer, a 
fourth information layer, etc. to increase the recording 
capacity. When the recording medium has n information 
layers in total (n is an integer not less than 2), i.e., in- 
cluding at least one additional information layer, it is 
preferable that a separating layer is deposited between 
each of the information layers. The separating layer 
serves to separate each of the information layers opti- 
cally and eliminate unnecessary optical interference. 
[0032] When the recording medium has n information 
layers (n is an integer not less than 2), it is preferable 
that an information layer of the present invention is lo- 
cated at the position farthest from the transparent sub- 
strate among the n information layers. This is because 
the reflective layer limits the transmission of a laser 
beam. However, when the above information layer does 
not include the reflective layer and, e.g., the dielectric 
layer between the transparent substrate and the record- 
ing layer is used to achieve the conversion to a reflect- 
ance-decrease type, it is preferable that the above in- 
formation layer is located at the position closest to the 
transparent substrate among the n information layers. 
This is because high transmittance can be obtained. 
There is no particular limitation to the configuration of 
an additional information layer, as long as information 
can be reproduced from the layer by laser beam irradi- 
ation. 

[0033] Hereinafter, an embodiment of the present in- 
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vention will be described more specifically with refer- 
ence to the accompanying drawings. 
[0034] FIGS. 1 and 2 are partial cross-sectional 
views, each showing an example of the configuration of 

5 a recording medium according to the present invention. 
[0035] FIG. 1 shows a recording medium that includes 
a recording layer 2, a reflective layer 3, and a protective 
substrate 4 in this order on a transparent substrate 1. 
FIG. 2 shows a recording medium that includes a die- 

1? lectric layer 7, a recording layer 2 and a protective sub- 
strate 4 in this order on a transparent substrate 1. In 
these media, the recording layer 2 and the reflective lay- 
er 3 function as an information layer 10, and the dielec- 
tric layer 7 and the recording layer 2 also function as an 

15 information layer 10. Each of the recording media is ir- 
radiated with a laser beam 5 focused by an objective 
lens 6 from the side of the transparent substrate 1, so 
that information is recorded on the recording layer 2 or 
the recorded information is reproduced therefrom. The 

20 laser beam having a wavelength of A. used for reproduc- 
tion shows a relatively low reflectance when directed on 
the region where information is recorded. 
[0036] FIG. 3 shows a recording medium that includes 
a first information layer 10, a separating layer 9* a sec- 

25 ond information layer 20, and a protective substrate 4 
in this order on a transparent substrate 1 . Additional in- 
formation layers may be deposited between the second 
information layer 20 and the protective substrate 4. FIG. 

4 shows an example of a recording medium that in- 
30 eludes a third information layer 30 and a fourth informa- 
tion layer 40 as the additional information layers. As 
shown in FIG. 4, separating layers 9 can be deposited 
between each of the information layers. Like the above 
recording media, information is recorded or reproduced 

35 also on this recording medium by focusing a laser beam 

5 on a predetermined information layer through an ob- 
jective lens 6 from the side of the transparent substrate 
1 . For the recording medium including a plurality of in- 
formation layers, any one of the information layers can 

40 have the above-described characteristics. 

[0037] A material substantially transparent to the 
wavelength of the laser beam 5 can be used as a ma- 
terial for the transparent substrate 1 . Examples of such 
a material include a polycarbonate resin, a polymethyl 

45 methacrylate resin, a polyolefin resin, a norbornene 
based resin, an ultraviolet curable resin, glass, or an ap- 
propriate combination of these substances. There is no 
particular limitation to the thickness of the transparent 
substrate, but it is preferably about 0.01 to 1 .5 mm. 

50 When the thickness is not more than 0.3 mm, the trans- 
parent substrate is suitable for recording with higher 
density achieved by an optical system having a high lens 
numerical aperture (NA). 

[0038] For the recording layer 2, it is preferable to use 
55 a material that contains Te, O and M (M is an element 
described above) as the main component. In this spec- 
ification, the main component refers to one or more than 
one component included in the amount of greater than 
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80 at%. When two or more components make up the 
main component, the total of those components is at 
least 80 at%. The preferred examples of the element M 
include Pd and Au. By adding Pd and/or Au, a sufficient 
speed for the crystallization and high durability can be 5 
achieved easily. It is preferable that the material has a 
composition containing oxygen atoms (i.e., O atoms) of 
25 at% to 60 at% and M atoms of 1 at% to 35 at%. 
[0039] When the O atoms are less than 25 at%, the 
heat conductivity of the recording layer may be too high, io 
which may result in an excessively large recording mark. 
Therefore, even if the recording power is increased, it is 
difficult to raise the C/N ratio. When the O atoms are 
more than 60 at%, the heat conductivity of the recording 
layer may be too low, which may prevent the formation '5 
of a sufficiently large recording mark even if the record- 
ing power is increased. Accordingly, it is difficult to 
achieve a high C/N ratio and high sensitivity. 
[0040] When the M atoms are less than 1 at%, the 
effect of accelerating the growth of Te crystals during 20 
irradiation of the laser beam may be relatively low, which 
may cause an insufficient crystallization speed of the re- 
cording layer 2. Therefore, it is impossible to form a mark 
at high speed. When the M atoms are more than 35 at%, 
a change in reflectance between the amorphous and 25 
crystalline states may become small, which may lower 
the C/N ratio. 

[0041] The recording layer 2 may include elements 
other than Te, O and M. For example, at least one ele- 
ment selected from the group consisting of S, N, F, B so 
and C can be added to the recording layer 2 for the pur- 
pose of, e.g., adjusting the heat conductivity and optical 
constants or improving heat resistance, environmental 
reliability, and the like. It is preferable that these addi- 
tional elements in total account for 20 at% or less of the 35 
material of the recording layer. 
[0042] It is preferable that the recording layer 2 has a 
thickness of 2 nm to 70 nm. This is because a sufficient 
C/N ratio can be obtained easily. When the thickness is 
less than 2 nm, sufficient reflectance and change in the *o 
reflectance may not be provided, so that the C/N ratio 
may be lowered. In view of this, it is more preferable that 
the recording layer has a thickness of not less than 5 
nm. When the thickness is more than 70 nm, the thermal 
diffusion in the thin film surface of the recording layer 45 
may be increased, so that the C/N ratio may be lowered 
in high-density recording. 

[0043] For the reflective layer 3, it is preferable to use 
a material having a refractive index n of not more than 
3 and/or an extinction coefficient k of not less than 1 . 50 
The preferred range of n is 2.0 or less, and that of k is 
2.0 or more. Specifically, the reflective layer 3 can be 
formed of a metal containing Au, Ag, Cu, Al, Ni, Pd, Pt, 
Bi, Sb, Sn, Zn, Cr or the like, a semimetal or alloy ma- 
terial, or a dielectric such as TiN and ZrN. 55 
[0044] When the reflective layer 3 is provided, its cool- 
ing ability causes the heat generated from the recording 
layer 2 by absorption of a laser beam to diffuse, which 



may reduce the recording sensitivity. Therefore, it is 
preferable that the reflective layer is formed of a material 
with a low heat conductivity. Among the above materi- 
als, a metal containing at least one element selected 
from the group consisting of Ni, Pd, Pt, Bi, Sb, Sn, Zn 
and Cr as the main component or alloy is more suitable 
for the reflective layer. 

[0045] In the case where a dielectric layer is deposited 
between the recording layer 2 and the reflective layer 3, 
the thermal diffusion into the reflective layer is sup- 
pressed. Therefore, the recording sensitivity is not so 
reduced even with the reflective layer having a high heat 
conductivity. In this case, a material with low heat con- 
ductivity is not necessarily selected for the reflective lay- 
er 3. 

[0046] The protective substrate 4 can be formed of the 
materials listed for the transparent substrate 1 . It is also 
possible to use a material that is different from the trans- 
parent substrate 1 f or a material that is not transparent 
to the wavelength of the laser beam 5. There is no par- 
ticular limitation to the thickness of the protective sub- 
strate 4, but it is preferably about 0.05 to 3.0 mm. 
[0047] For the dielectric layer 7, it is preferable to use 
a material having a refractive index n of not less than 
1 .5, more preferably not less than 2.0, and most prefer- 
ably not less than 2.5. Specifically, e.g., a material con- 
taining ZnS, ZnS — Si0 2 , T10 2 , Zr0 2 , Si, SiC, S^, 
GeN or the like as the main component is suitable for 
the dielectric layer. The preferred thickness of the die- 
lectric layer 7 is selected so as to increase a change in 
reflectance and falls in the specific range described 
above. 

[0048] When a plurality of information layers are pro- 
vided, it is preferable that at least one of them includes 
the recording layer 2 and the reflective layer 3, or the 
dielectric layer 7 and the recording layer 2 in this order 
from the side closer to the transparent substrate. The 
other information layers can include a recording layer 
having the composition different from that of the record- 
ing layer 2. They can include not only a write-once re- 
cording layer but also a rewritable or read-only recording 
layer. 

[0049] The separating layer 9 can be formed of an ul- 
traviolet curable resin or the like. It is preferable that the 
thickness of the separating layer 9 is at least greater 
than a depth of focus AZ to reduce cross talk arising be- 
tween the first information layer 10 and the second in- 
formation layer 20 while either one of them is repro- 
duced. The depth of focus AZ is determined by NA of 
the objective lens 6 and the wavelength X of the laser 
beam 5, and generally can be approximated by AZ = W 
{2(NA) 2 } on the basis of the intensity at a focusing point, 
which is 80% of the intensity at a stigmatic point. For 
example, substitution of X = 405 nm and NA= 0.65 yields 
AZ = 0.479 um When this optical system is employed, 
the separating layer 9 should have a thickness of greater 
than 1 .0 u.m because the range of ± 0.5 ^m is within the 
depth of focus. To record/reproduce information on a 
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plurality of Information layers with high density, the thick- 
ness of the separating layer 9 is set so that the distance 
between the information layers falls in the range over 
which the objective lens 6 can focus a light beam on 
each of the information layers. Specifically, it is prefer- 
able that the total of the thicknesses of the separating 
layer and the transparent substrate 1 is within the toler- 
ance of the substrate thickness allowed by the objective 
lens. 

[0050] Two recording media as described above can 
be joined together with their protective substrates 4 op- 
posing each other, providing a so-called two-face struc- 
ture. With the two-face structure, the amount of informa- 
tion stored per medium can be doubled further. 
[0051 ] Each of the recording layer 2, the reflective lay- 
er 3, the dielectric layer 7, and the like can be formed 
by a regular vapor deposition method for producing a 
thin film, such as vacuum evaporation, sputtering, ion 
plating, CVD (i.e., chemical vapor deposition), and MBE 
(i.e., molecular beam epitaxy). 
[0052] These thin film layers and the separating layer 
9 can be deposited sequentially on the transparent sub- 
strate 1, and then the protective substrate 4 can be 
formed or bonded on top of that. Alternately, they can 
be deposited sequentially on the protective substrate 4, 
and then the transparent substrate 1 can be formed or 
bonded on top of that. The latter is suitable for the thin 
transparent substrate 1 having a thickness of 0.4 mm or 
less. In this case, it is preferable to form a concave-con- 
vex pattern, such as guide grooves for a laser beam and 
an address signal, on the surfaces of the protective sub- 
strate 4 and the separating layer 9 by transferring a 
stamper or the like on which a desired concave-convex 
pattern has been previously formed. When it is difficult 
to employ an injection method due to a small thickness 
of the layer, like the separating layer 9, a 2P (i.e., photo- 
polymerization) method can be used instead. 
[0053] The recording medium of the present invention 
allows grooves, lands between the grooves, or both the 
grooves and the lands to be used as recording tracks. 
There is no particular limitation to the space between 
the recording tracks, but it is preferably A/NA or less, 
particularly 0.8 X/NA or less, to achieve high-density re- 
cording. Here, X is the wavelength of a laser beam to be 
used for recording/reproduction and NA is the numerical 
aperture of a lens. 

[0054] The recording medium of the present invention 
can provide a higher C/N ratio and a lower jitter value 
easily by being annealed for a predetermined time or 
more under the high temperature conditions. The rea- 
son for this is considered to be as follows: in the anneal- 
ing process, a part of each of the atoms that disperse 
randomly in the recording layer is bonded properly into 
small crystalline nuclei, so that crystallization is per- 
formed more smoothly for recording. Thus, it is possible 
to form a mark with uniform edges and shape. 
[0055] It is preferable that the annealing temperature, 
though it differs depending on the composition of the re- 



cording layer 2, ranges from 60 °C to the maximum tem- 
perature at which the transparent substrate is not melt- 
ed, i.e., the softening point or the melting point thereof. 
For example, when the transparent substrate is formed 

5 of polycarbonate, it is preferable that the annealing tem- 
perature is 120 °C or less. According to the experiments 
conducted by the inventors, the annealing time, though 
it differs depending on the composition and annealing 
temperature of the recording layer, should be at least 

to five minutes to achieve the full effect of improving the 
C/N ratio or the like. The recording medium can be an- 
nealed for a longer time than that. However, the record- 
ing and reproducing characteristics are not changed ba- 
sically even if the annealing is continued after the full 

*5 effect has been obtained. 

[0056] The optical design and optical characteristics 
of the recording medium of the present invention will be 
described below. The refractive index, the extinction co- 
efficient, and the thickness of each layer of the multi- 

20 layer film are determined. A simultaneous equation that 
represents the balance of light energy for each interface 
is established based on the law of energy conservation. 
By solving these equations, the reflectance and trans- 
mittance of the entire multi-layer film with respect to the 

25 incident light beam and the absorptance of each layer 
can be calculated (e.g., "Wave Optics" by Hiroshi 
Kubota, Iwanami Shoten, 1971). Using this approach, 
the optical calculations were performed for each of the 
following configurations. 

30 [0057] The following configurations are shown with 
the laser beam incident side at the left side. 

Configuration A: substrate / recording layer / sub- 
strate 

35 Configuration B: substrate / dielectric layer / record- 
ing layer / substrate 

Configuration C: substrate/ recording layer/ dielec- 
tric layer / substrate 

Configuration D: substrate / dielectric layer / record- 
40 ing layer / dielectric layer / substrate 

Configuration A': substrate / recording layer / reflec- 
tive layer /substrate 

Configuration B': substrate /dielectric layer/record- 
ing layer / reflective layer / substrate 
45 Configuration C: substrate / recording layer / die- 
lectric layer / reflective layer / substrate 
Configuration D': substrate/ dielectric layer/record- 
ing layer/ dielectric layer / reflective layer/ substrate 

50 [0058] The incident light beam had a wavelength of 
405 nm or 660 nm. The optical constant n — ik of the 
substrate was 1 .6 — iO.O at either wavelength. The op- 
tical constant of the dielectric layer was calculated with 
k = 0.0 while varying n in the range of 1 .5 to 3.0 so as 

55 to examine its dependence. Assuming that Te-O-Pd (the 
ratio of the number of atoms Te:0:Pd = 42:53:5) was to 
be used, the optical constants of the recording layer 
were as follows: 2.5 — i0.6 for the amorphous state and 
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2.0 — M .6 for the crystalline state at the wavelength of 
405 nm; 2.5 — i0.6 for the amorphous state and 3.0 — 
i1 .6 for the crystal line state at the wavelength of 660 nm. 
All the above values were determined by calculations 
based on the reflectance and transmittance of a sample 
measured with a spectroscope. The sample was pre- 
pared by forming a film having a thickness of about 20 
nm on a quartz substrate. A sample was crystallized in 
an oven at a temperature of 280 °C, which was in the 
vicinity of the crystallization temperature, for two min- 
utes. This sample was used as the recording layer in its 
crystalline state. The optical constant of the reflective 
layer was calculated by varying n and k in the ranges of 
0.5 to 4.0 and 0.5 to 8.0, respectively so as to examine 
its dependence. 

[0059J A reflectance difference AR (AR = Rcry — Ra- 
mo) caused by recording was evaluated, where Rcry 
was a reflectance of the recording layer in the amor- 
phous state and Ramo was a reflectance of that in the 
crystalline state. Here, the minimum of AR, i.e., ARmin, 
was calculated for different wavelengths and configura- 
tions when the thickness of the dielectric layer or the 
reflective layer was changed arbitrarily. 
[0060J For each of the configurations A, B, C and D, 
the refractive index n of the dielectric layer is changed 
when the recording layer has a thickness of 20 nm or 
40 nm. FIGS. 5A to 5D show the results. In the config- 
urations A and C, ARmin of less than zero is not obtained 
for any wavelength or thickness of the recording layer 
even if the value of the refractive index n of the dielectric 
layer is changed, as shown in FIG. 5. Therefore, those 
configurations do not act as a reflectance-decrease 
type. In the configuration B including the dielectric layer 
on the light incident side, ARmin becomes smaller with 
an increase in the refractive index n of the dielectric lay- 
er. Therefore, this configuration acts as the reflectance- 
decrease type. In the configuration D, a reflectance 
change substantially similar to that of the configuration 
B is obtained. These recording media have a larger re- 
flectance change as the refractive index becomes high- 
er. 

[0061 J Therefore, to achieve the reflectance-de- 
crease type and provide a large reflectance change, it 
is preferable that at least the dielectric layer is deposited 
on the light incident side of the recording layer, and that 
the refractive index n of the dielectric layer is not less 
than 1 .5, more preferably not less than 2.0, and most 
preferably not less than 2.5. On the other hand, almost 
no effect is achieved when the dielectric layer is provid- 
ed on the side opposite to the light incident side. 
[0062] FIG. 6 shows the film-thickness dependence 
of the dielectric layer on the light incident side for a re- 
flectance difference AR in the configuration B. Here, the 
wavelength is 660 nm or 405 nm, the recording layer 
has a thickness of 20 nm, and the dielectric layer has a 
refractive index n of 2.5. FIG. 6 indicates that AR be- 
comes smaller, though it differs slightly depending on 
the wavelength, in the range of 0.01 X to 0.3 X t especially 
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in the range of about 0.1 X to 0.25 X, when the wave- 
length is X and the refractive index of the dielectric layer 
is n. 

[0063J For each of the configurations A*, B\ C and D\ 
the refractive index n and the extinction coefficient k of 
the reflective layer are changed when the recording lay- 
er has a thickness of 20 nm and the dielectric layer has 
a refractive index n of 2.0. Table 1 shows the results. 

TABLE 1 



15 



20 



25 



30 



35 



40 



45 



50 



55 



Configuration A' (wavelength 660 nm) 


n\k 


0.5 


1.0 


2.0 


4.0 


8.0 


0.5 


X 


X 


0 


© 


® 


1.0 


X 


X 


X 


© 


® 


2.0 


X 


X 


X 


A 


® 


4.0 


X 


X 


X 


X 


O 


Configuration B' (wavelength 660 nm) 


n\k 


0.5 


1.0 


2.0 


4.0 


8.0 


0.5 


® 


® 


® 


® 


® 


1.0 


A 


A 


O 


® 


© 


2.0 


X 


X 


X 


O 


® 


4.0 


X 


X 


X 


A 


O 


Configuration C* (wavelength 660 nm) 


n\k 


0.5 


1.0 


2.0 


4.0 


8.0 


0.5 


A 


A 


O 


® 


® 


1.0 


X 


X 


A 


® 


® 


2.0 


X 


X 


X 


® 


® 


4.0 


X 


X 


X 


A 


O 


Configuration D 1 (wavelength 660 nm) 


n\k 


0.5 


1.0 


2.0 


4.0 


8.0 


0.5 


O 


® 


® 


® 


® 


1.0 


A 


A 


O 


® 


® 


2.0 


X 


X 


A 


® 


® 


4.0 


X 


A 


A 


O 


® 


Configuration A* (wavelength 405 nm) 


n\k 


0.5 


1.0 


2.0 


4.0 


8.0 


0.5 


X 


X 


X 


X 


x 


1.0 


X 


X 


X 


X 


X 


2.0 


X 


X 


X 


X 


X 


4.0 


X 


X 


X 


X 


X 


Configuration B' (wavelength 405 nm) 


n\k 


0.5 


1.0 


2.0 


4.0 


8.0 


0.5 


O 


A 


X 


X 


A 
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TABLE 1 (continued) 



Configuration B' (wavelength 405 nm) 


n\k 


0.5 


1.0 


2.0 


4.0 


8.0 


1.0 


X 


X 


X 


X 


A 


2.0 


X 


X 


X 


X 


X 


4.0 


X 


X 


X 


X 


X 


Configuration C (wavelength 405 nm) 


n\k 


0.5 


1.0 


2.0 


4.0 


8.0 


0.5 


© 


® 


© 


! © 


© 


1.0 


A 


O 


© 


© 


© | 


2.0 


X 


X 


© 


© 


© 


4.0 


A 


A 


O 


© 


© 


Configuration D' (wavelength 405 nm) 


n\k 


0.5 


1.0 


2.0 


4.0 


8.0 


0.5 


® 


® 


© 


© 


© 


1.0 


0 


0 


© 


© 


© 


2.0 


X 


A 


O 


© 


© 


4.0 


A 


0 


0 


© 


© 



[0064] In Table 1 , *® " represents ARmin < — 1 5, °CT 
represents — 1 5 < ARmin < — 10, "A" represents — 10 
< ARmin < — 5, and "x" represents — 5 < ARmin. Table 
1 indicates that ARmin becomes smaller, though it dif- 
fers slightly depending on the configuration and the 
wavelength, as the refractive index n of the reflective 
layer decreases and the extinction coefficient k thereof 
increases. According to Table 1 , it is preferable that the 
reflective layer has, e.g., n of not more than 2.0 or k of 
not less than 2.0, more preferably n of not more than 2.0 
and k of not less than 2.0. As shown in FIG. 5, it is im- 
possible to make ARmin smaller than — 1 5% in the con- 
figurations A to D. However, the use of the reflective lay- 
er allows ARmin to be smaller than — 15%, as shown in 
Table 1. 

[0065] At the wavelength of 660 nm, even the config- 
uration A', to which only the reflective layer is added, 
can achieve the reflectance-decrease type with a large 
reflectance change. By adding the dielectric layer, like 
the configurations B\ C and D\ the reflectance change 
can be increased further. At the wavelength of 405 nm, 
it is impossible for the configuration A' to make ARmin 
smaller than — 5%. However, ARmin can be decreased 
sufficiently at this wavelength by providing the dielectric 
layer on the side opposite to the light incident side, i.e., 
between the recording layer and the reflective layer, like 
the configurations C and D\ Such wavelength depend- 
ence is considered to result from the difference in the 
refractive index n of crystals of the recording layer, i.e., 
the refractive index of crystals decreases by about 1 .0 
at the wavelength of 405 nm, compared with the wave- 



length of 660 nm. 

[0066] In general, the optical constant in the amor- 
phous state has small wavelength dependence, while 
the optical constant in the crystalline state often has 
5 large wavelength dependence. This tendency is signif- 
icant for a material containing Te : and thus the refractive 
index n of crystals decreases as the wavelength be- 
comes shorter. Therefore, ARmin can be decreased suf- 
ficiently at the wavelength region (e.g., ranging from 600 

to to 800 nm) where the n of crystals is large, like the red 
wavelength region, even without adding the dielectric 
layer. However, ARmin cannot be decreased sufficiently 
at the wavelength region (e.g., ranging from 350 to 450 
nm) where the n of crystals is small, like the blue and 

/5 purple wavelength region, unless the dielectric layer is 
added between the recording layer and the reflective 
layer. The effect of adding the dielectric layer in the blue 
and purple wavelength region exceeds that obtained in 
the red wavelength region. 

20 [0067] FIG. 7 shows an example of a recording/repro- 
ducing apparatus. In this apparatus, a laser beam 5 
emitted from a laser diode 1 1 passes through a half mir- 
ror 12 and an objective lens 6 and is focused on an op- 
tical disk 14 that is rotated by a motor 13, and thus in- 

25 formation signals are recorded and reproduced. When 
information signals are recorded, the intensity of the la- 
ser beam 5 is modulated among a plurality of power lev- 
els. To modulate the laser intensity, a laser intensity 
modulation circuit 1 6 can be used. Specifically, the laser 

30 intensity can be modulated by modulating the driving 
current of a semiconductor laser. Alternatively, an elec- 
tro-optical modulator, an acousto-optical modulator, or 
the like also can be used. 

[0068] A single rectangular pulse with peak power P 1 

35 may be used for a portion where a mark is formed . How- 
ever, particularly when forming a long mark, it is prefer- 
able to use a recording pulse train having a plurality of 
pulses that is modulated between the peak power P 1 
and the bottom power P 3 (P, > P 3 ) so as to exclude ex- 

40 cessive heat and make the mark width uniform. The 
power level is kept constant at bias power P 2 (P 1 > P 2 ) 
for a portion where a mark is not formed. 
[0069] When different linear velocities of V 1 and V 2 
(V 1 < V 2 ) are used respectively to form marks that are 

45 the same in physical length, it is preferable that the prod- 
uct of T 1 and V 1 is smaller that that of T 2 and V 2 , where 
T 1 and T 2 are the time to emit a laser beam at the peak 
power P 1 . The reason for this is as follows: if the product 
of Tj and V 1 is equal to that of T 2 and V 2 , the size of a 

50 mark is reduced in the case of a higher linear velocity 
V 2 because thermal interference between the marks de- 
creases with an increase in the linear velocity. 
[0070] The mark edge positions may not be uniform 
due to each pattern of the length of a mark, the length 

55 of a space before and after the mark, and the length of 
the adjacent marks, thus causing an increase of jitter. 
To prevent such an increase of jitter and improve the 
jitter rate, the above recording/reproducing method can 
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adjust and compensate the position or length of each 
pulse of the pulse train so that the edge positions are 
uniform for each pattern, if necessary. 
[0071] In reproducing the information signals thus re- 
corded, the optical disk is irradiated with continuous light 
with power level Pr, and then the reflected light enters 
a photodetector 1 5, where a change in the reflected light 
quantity is detected as a reproduced signal. 
[0072] When information is recorded or reproduced 
on a recording medium including a plurality of informa- 
tion layers as shown in FIGS. 3 and 4, it is necessary to 
select any one of the information layers; Therefore, a 
layer recognition means and a layer switching means 
are required, and conventionally known devices can be 
used as these means. The layer recognition means and 
the layer switching means are used also in a commer- 
cially available recording/reproducing apparatus for a 
read-only optical disk DVD. 

Examples 

[0073] Hereinafter, the present invention will be de- 
scribed more specifically by way of examples. However, 
the present invention is not limited to the following ex- 
amples. 

Example 1 

[0074] A polycarbonate resin was used as a transpar- 
ent substrate. The transparent substrate had a diameter 
of about 12 cm, a thickness of about 0.6 mm, a width of 
a groove of 0.6 urn, a width of a land of 0.6 ujti, and a 
groove depth of about 70 nm. 

[0075] A Te-O-Pd recording layer and an Al-Cr reflec- 
tive layer were laminated in this order on the surface of 
the transparent substrate provided with grooves by 
sputtering. The recording layer having a thickness of 
about 30 nm was formed with a Te-Pd (the ratio of the 
number of atoms is 90:10) target. The reflective layer 
having a thickness of about 40 nm was formed with an 
Al-Cr (the ratio of the number of atoms is 98:2) target. 
The targets for both layers had a diameter of 100 mm 
and a thickness of about 6 mm. The recording layer and 
the reflective layer were formed under the conditions of 
1 00 W and 500 W supplied from DC power sources, re- 
spectively. The recording layer was formed in the atmos- 
phere of a mixed gas of Ar and 0 2 (the flow ratio is 45: 
55) while maintaining the gas pressure at about 0.2 Pa. 
The reflective layer was formed in the atmosphere of Ar 
gas while maintaining the gas pressure at about 0.2 Pa. 
A dummy substrate was attached to the thus obtained 
film surface via an ultraviolet curable resin, which then 
was irradiated with ultraviolet rays for curing. This disk 
was annealed at 90 °C for about two hours, providing a 
disk A. 

[0076] According to elemental analysis by Auger elec- 
tron spectroscopy, the composition of the Te-O-Pd re- 
cording layer of the disk A was represented by the ratio 



of the number of atoms Te:0:Pd = 42:53:5. The optical 
constants n -ik at a wavelength of 660 nm when the Te- 
O-Pd recording layer was in its amorphous state were 
as follows: 2.5 - i0.6 for the amorphous state, 3.0 — i1 .6 
5 for the crystalline state, 1 .6 — iO.O for polycarbonate, 
and 2.0 — i6.0 for Al-Cr. The calculation based on these 
optical constants showed that the disk of this example 
had Ramo = 35.0%, Rcry = 19.1% and AR = —15.9%, 
and that the light absorptance of the recording layer in 

to its amorphous state was given by Aamo = 40.0%. 
[0077] Moreover, a disk B was produced in the same 
manner as that for the disk A except for the annealing 
process, and a disk C was produced in the same manner 
as that for the disk A except for the Al-Cr reflective layer. 

15 The following values were obtained by performing the 
same calculation as that for the disk A on the disk C: 
Ramo = 7.4%, Rcry = 18.4%, AR = 11.0%, and Aamo = 
30.6%. The actual measurement of these values using 
a spectroscope agreed substantially with the results of 

20 the above calculation. 

[0078] Using an optical system having a wavelength 
of 660 nm and NA of 0:6, a single signal with 9.7 MHz 
was recorded on the grooves and lands of each of the 
disks A to C while rotating the disk at a linear velocity of 

25 8.2 m/s. The pulse waveform for recording was a single 
rectangular pulse that was modulated between a peak 
power P t and a bias power P 2 and had a pulse width of 
25.8 ns. Here, P 2 was 1 .0 mW and a reproduction power 
Pr was 1 .0 mW as well. Under these conditions, the sig- 

30 nal was recorded only once on a track in the non-record- 
ed state, and the C/N ratio of that signal was measured 
with a spectrum analyzer. 

[0079] The measurement showed that the disk A had 
a C/N ratio of 54 dB for grooves at P 1 = 1 0 mW and that 

35 of 52 dB for lands at P 1 = 10 mW, while the disk B had 
a C/N ratio of 53 dB for grooves at P<, = 1 0 mW and that 
of 51 dB for lands at P 1 = 10 mW. Also, the disk C had 
a C/N ratio of 51 dB for grooves at Pj = 1 2 mW and that 
of 50 dB for lands at P 1 = 12 mW. 

40 [0080] As described above, a reflectance-decrease- 
type medium with a large absolute value of AR was able 
to be provided by including the reflective layer. In par- 
ticular, a higher C/N ratio was achieved with annealing, 
so that Ramo became larger to increase the reflectance 

45 of a recording medium and Aamo became larger to in- 
crease the sensitivity thereof. 

Example 2 

50 [0081] A polycarbonate resin was used as a protec- 
tive substrate. The protective substrate had a diameter 
of about 12 cm, a thickness of about 1.1 mm, a groove 
pitch of about 0.32 u,m, and a groove depth of about 20 
nm. 

55 [0082] As a second information layer, an Al-Cr reflec- 
tive layer, a Zn-S dielectric layer, and a Te-O-Pd record- 
ing layer were laminated in this order on the surface of 
the protective substrate provided with grooves by sput- 
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tering. The reflective layer having a thickness of about 
40 nm was formed with an Al-Cr (the ratio of the number 
of atoms is 98:2) target. The dielectric layer having a 
thickness of about 30 nm was formed with a Zn-S (the 
ratio of the number of atoms is 50:50) target. The re- 
cording layer having a thickness of about 20 nm was 
formed with a Te-Pd (the ratio of the number of atoms 
is 90:10) target. The targets for all the layers had a di- 
ameter of 100 mm and a thickness of about 6 mm. The 
reflective layer, the dielectric layer, and the recording 
layer were formed under the conditions of 500 W, 500W 
and 100 W supplied from a DC power source, a RF pow- 
er source and a DC power source, respectively. The re- 
flective layer and the dielectric layer were formed in an 
atmosphere of Ar gas while maintaining the gas pres- 
sure at about 0.2 Pa. The recording layer was formed 
in an atmosphere of a mixed gas of Ar and 0 2 (the flow 
ratio is 45:55) while maintaining the gas pressure at 
about 0.2 Pa. 

[0083] An ultraviolet curable resin was applied to the 
surface of the second information layer as a separating 
layer. A stamper substrate was pressed on the separat- 
ing layer, which then was irradiated with ultraviolet rays 
for curing. The stamper substrate was formed of poly- 
carbonate provided with grooves, having a groove pitch 
of about 0.32 nm and a groove depth of about 20 nm, 
and coated with an Al thin film. Thereafter, the stamper 
substrate was released to form the grooves on the sep- 
arating layer. 

[0084] As a first information layer, a Te-O-Pd record- 
ing layer having a thickness of about 1 0 nm and a Zn-S 
dielectric layer having a thickness of about 25 nm were 
laminated in this order on the separating layer in the 
same manner as that for the second information layer. 
A polycarbonate substrate having a thickness of about 
0.09 mm was attached to the first information layer via 
an ultraviolet curable resin, which then was irradiated 
with ultraviolet rays for curing, resulting in a transparent 
substrate having a thickness of about 0.1 mm. Moreo- 
ver, this disk was annealed at 90 °C for about two hours, 
providing a disk D. 

[0085] The optical constants n - ik at a wavelength of 
405 nm when the Te-OPd recording layer was in its 
amorphous state were as follows: 2.5 — i0.6 for the 
amorphous state, 2.0 — i1 .6 for the crystalline state, 1 .6 
- iO.O for polycarbonate, 2.5 — iO.O for Zn-S, and 07 — 
i4.0 for Al-Cr. The calculation based on these optical 
constants showed that the first information layer of the 
disk D had Ramo = 9.6 %, Rcry = 2.5%, AR = —7.1%, 
Aamo = 19.8%, and a transmittance of Tamo = 69.6% 
when the recording layer was in its amorphous state, 
and that the second information layer had Ramo = 
30.8%, Rcry = 4.8%, AR =—26.0%, and Aamo = 49.8%. 
The actual measurement of these values using a spec- 
troscope agreed substantially with the results of the 
above calculation. 

[0086] Using an optical system having a wavelength 
of 405 nm and NA of 0.85, a single signal with 12.3 MHz 



was recorded on the grooves of the first information lay- 
er and the lands of the second information layer of the 
disk D while rotating the disk at a linear velocity of 5.0 
m/s. The pulse waveform for recording was a single rec- 

5 tangular pulse that was modulated between a peak pow- 
er Pj and a bias power P 2 and had a pulse width of 20.4 
ns. Here, P 2 was 1 .0 mW, and a reproduction power Pr 
was 1 .0 mW for the first information layer and 1 .5 mW 
for the second information layer. Under these condi- 

10 tions, the signal was recorded only once on a track in 
the non-recorded state, and the C/N ratio of that signal 
was measured with a spectrum analyzer. 
[0087] The measurement showed that the disk of this 
example had a C/N ratio of 50 dB for the grooves of the 

'5 first information layer at P 1 = 8 mW and that of 50 dB 
for the lands of the second information layer at P 1 = 10 
mW. Both layers had sufficient C/N ratio and sensitivity 
for a practical recording medium. 
[0088] The first information layer has a high transmit- 

20 tance of about 70%. Therefore, it is also possible to pro- 
vide a recording medium including three or more infor- 
mation layers that can be recorded with the power of a 
general-purpose laser by using a plurality of information 
layers, each of which has the same configuration as that 

25 of the first information layer. 

Example 3 

[0089] A polycarbonate resin was used as a protec- 
30 tive substrate. The protective substrate had a diameter 
of about 12 cm, a thickness of about 1.1 mm, a groove 
pitch of about 0.32 urn, and a groove depth of about 20 
nm. 

[0090] As a fourth information layer, an Al-Cr reflec- 
ts tive layer, a Zn-S dielectric layer, a Te-OPd recording 
layer, and a Zn-S dielectric layer were laminated in this 
order on the surface of the protective substrate provided 
with grooves by sputtering. The reflective layer having 
a thickness of about 40 nm was formed with an Al-Cr 
40 (the ratio of the number of atoms is 98:2) target. The 
dielectric layer having a thickness of about 15 nm was 
formed with a Zn-S (the ratio of the number of atoms is 
50:50) target. The recording layer having a thickness of 
about 20 nm was formed with a Te-Pd (the ratio of the 
45 number of atoms is 90:1 0) target. Finally, the dielectric 
layer having a thickness of about 1 5 nm was formed with 
a Zn-S (the ratio of the number of atoms is 50:50) target. 
A separating layer having a thickness of about 13 ujti 
was formed on the surface of the fourth information layer 
50 by transferring the same groove pattern as that for the 
protective layer with a 2P method using an ultraviolet 
curable resin. 

[0091] As a third information layer, a Zn-S dielectric 
layer, a Te-O-Pd recording layer, and a Zn-S dielectric 
55 layer were laminated in this order on the surface of the 
separating layer by sputtering. The Zn-S dielectric layer 
having a thickness of about 10 nm was formed with a 
Zn-S (the ratio of the number of atoms is 50:50) target. 
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The recording layer having a thickness of about 10 nm 
was formed with a Te-Pd (the ratio of the number of at- 
oms is 90:10) target. Finally, the dielectric layer having 
a thickness of about 30 nm was formed with a Zn-S (the 
ratio of the number of atoms is 50:50) target. A separat- 5 
ing layer having a thickness of about 13 ujti was formed 
on the surface of the third information layer by transfer- 
ring the same groove pattern as that for the protective 
layer with a 2P method using an ultraviolet curable resin. 
[0092] As a second Information layer, a Zn-S dielectric 10 
layer, a Te-O-Pd recording layer, and a Zn-S dielectric 
layer were laminated in this order on the surface of the 
separating layer by sputtering. The Zn-S dielectric layer 
having a thickness of about 15 nm was formed with a 
Zn-S (the ratio of the number of atoms is 50:50) target '5 
The recording layer having a thickness of about 8 nm 
was formed with a Te-Pd (the ratio of the number of at- 
oms is 90:10) target. Finally, the dielectric layer having 
a thickness of about 30 nm was formed with a Zn-S (the 
ratio of the number of atoms is 50:50) target. A separat- 20 
ing layer having a thickness of about 1 3 u.m was formed 
on the surface of the second information layer by trans- 
ferring the same groove pattern as that for the protective 
layer with a 2P method using an ultraviolet curable resin. 
[0093] As a first information layer, a Zn-S dielectric 25 
layer, a Te-O-Pd recording layer, and a Zn-S dielectric 
layer were laminated in this order on the surface of the 
separating layer by sputtering. The Zn-S dielectric layer 
having a thickness of about 20 nm was formed with a 
Zn-S (the ratio of the number of atoms is 50:50) target. 30 
The recording layer having a thickness of about 6 nm 
was formed with a Te-Pd (the ratio of the number of at- 
oms is 90:10) target. Finally, the dielectric layer having 
a thickness of about 35 nm was formed with a Zn-S (the 
ratio of the number of atoms is 50:50) target. A sheet of 35 
polycarbonate was attached to the surface of the first 
information layer using an ultraviolet curable resin, thus 
providing a transparent substrate having a thickness of 
0.08 mm. 

[0094] The targets for all the layers had a diameter of 40 
100 mm and a thickness of about 6 mm. The reflective 
layer, the dielectric layer, and the recording layer were 
formed at 500 W, 500 W and 1 00 W supplied from a DC 
power source, a RF power source and a DC power 
source, respectively. The reflective layer and the dielec- 
trie layer were formed in the atmosphere of Ar gas while 
maintaining the gas pressure at about 0.2 Pa. The re- 
cording layer was formed in the atmosphere of a mixed 
gas of Ar and 0 2 (the flow ratio is 45:55) while maintain- 
ing the gas pressure at about 0.2 Pa. Moreover, this disk so 
was annealed at 90 °C for about two hours, providing a 
disk E. 

[0095] Using an optical system having a wavelength 
of 405 nm and NA of 0.85, a single signal with 1 2.3 MHz 
was recorded on the grooves of each information layer 55 
of the disk E while rotating the disk at a linear velocity 
of 5.0 m/s. The pulse waveform for recording was a sin- 
gle rectangular pulse that was modulated between a 



peak power P t and a bias power P 2 and had a pulse 
width of 20.4 ns. Here, P2 was 0.5 mW and a reproduc- 
tion power Pr was as follows: 0.5 mW for reproducing 
the first information layer, 0.6 mW for reproducing the 
second information layer, 0.7 mW for reproducing the 
third information layer, and 1 .0 mW for reproducing the 
fourth information layer. The reproduction power was 
set so as to increase with the distance from the laser 
bean incident side. Under these conditions, the signal 
was recorded only once on a track in the non-recorded 
state, andtheC/N ratio of that signal was measured with 
a spectrum analyzer. 

[0096] The measurement showed that the disk E had 
a C/N ratio of 51 dB for the first information layer at P 1 
= 9.0 mW, that of 51 dB for the second information layer 
at P 1 = 9.5 mW, that of 50 dB for the third information 
layer at Pj = 11 .0 mW, and that of 52 dB for the fourth 
information layer at P 1 = 10.5mW. In this manner, it was 
confirmed that a recording medium having sufficient 01 
N ratio and sensitivity was provided even when including 
the multiple information layers. 



Claims 

1. An optical information recording medium compris- 
ing: 

a transparent substrate and 

at least one information layer formed on the 

transparent substrate, 

wherein the information layer comprises a re- 
cording layer made of a material comprising Te, O 
and M, where M is at least one element selected 
from the group consisting of Al, Si, Ti, V, Cr, Mn, Fe, 
Co, Ni, Cu, Zn, Ga, Ge, Zr, Nb, Mo, Ru, Rh, Pd, Ag, 
In, Sn, Sb, Hf, Ta, W, Re, Os, Ir, Pt, Au and Bi, and 

a reflectance with respect to a light beam in- 
cident from a side of the transparent substrate after 
recording information on the recording layer is lower 
than a reflectance before recording. 

2. The optical information recording medium accord- 
ing to claim 1, wherein the information layer com- 
prises a reflective layer on a side opposed to the 
transparent substrate with respect to the recording 
layer, and the reflective layer is made of a material 
having a refractive index n of not more than 3 or an 
extinction coefficient k of not less than 1 . 

3. The optical information recording medium accord- 
ing to claim 2, wherein the reflective layer is made 
of a material having a refractive index n of not more 
than 2.0 or an extinction coefficient kof not less than 
2.0. 

4. The optical information recording medium accord- 
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ing to claim 2 or 3, wherein the reflective layer has 
a thickness of 5 nm to 200 nm. 

5. The optical information recording medium accord- 
ing to any one of claims 2 to 4, wherein the infor- 
mation layer comprises a dielectric layer that is pro- 
vided at least at one of a position between the re- 
cording layer and the reflective layer and a position 
between the transparent substrate and the record- 
ing layer, and the dielectric layer is made of a ma- 
terial having a refractive index n of not less than 1 .5 
and has a thickness of 0.01 A/n to 0.3 A/n, where X 
is a wavelength of a light beam to be used for re- 
producing information. 

6. The optical information recording medium accord- 
ing to claim 1 , wherein the information layer com- 
prises a dielectric layer that is provided between the 
transparent substrate and the recording layer, and 
the dielectric layer is made of a material having a 
refractive index n of not less than 1 .5 and has a 
thickness of 0.01 A/n to 0.3 A/n, where X is a wave- 
length of a light beam to be used for reproducing 
information. 

7. The optical information recording medium accord- 
ing to claim 5 or 6, wherein the dielectric layer has 
a thickness of 0.05 A/n to 0.3 A/n. 

8. The optical information recording medium accord- 
ing to claim 5 or 6, wherein the dielectric layer has 
a thickness of 0.01 A/n to 0.2 A/n. 

9. The optical information recording medium accord- 
ing to any one of claims 1 to 8, wherein the medium 
comprises a total of n information layers including 
said information layer, where n is an integer not less 
than 2, and a separating layer is deposited between 
each of the n information layers. 

10. The optical information recording medium accord- 
ing to any one of claims 2 to 5, wherein the medium 
comprises a total of n information layers including 
said information layer, where n is an integer not less 
than 2, and said information layer is located at a po- 
sition farthest from the transparent substrate 
among the n information layers. 



ing layer contains oxygen atoms in a ratio ranging 
from 25 at% to 60 at% and M atoms in a ratio rang- 
ing from 1 at% to 35 at%. 

5 13. The optical information recording medium accord- 
ing to any one of claims 1 to 12. wherein the record- 
ing layer has a thickness of 2 nm to 70 nm. 

14. The optical information recording medium accord- 
10 ing to any one of claims 1 to 13, wherein a reflect- 
ance difference AR obtained by subtracting a re- 
flectance with respect to the light beam before re- 
cording information on the recording layer from a 
reflectance after recording is lower than — 5%. 

15 

15. The optical information recording medium accord- 
ing to any one of claims 1 to 14, further comprising 
a protective substrate. 

20 16. A method for producing the optical information re- 
cording medium according to claim 1 5, comprising: 



forming at least one information layer on the 
protective substrate, and 
forming the transparent substrate on the infor- 
mation layer 
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17. A method for producing the optical information re- 
cording medium according to any one of claims 1 

30 to 15, comprising: 

performing an annealing process at a temper- 
ature of not less than 60 °C for not less than 
five minutes after forming at least the recording 
35 layer. 

18. A method for recording information on the optical 
information recording medium according to any one 
of claims 1 to 15, comprising: 
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45 



recording information on the recording medium 
that moves relative to a light beam by irradiating 
the recording medium with the light beam from 
a side of the transparent substrate while mod- 
ulating the light beam between a peak power 
and a smaller power than the peak power so as 
to form a recording mark, 



1 1 . The optical information recording medium accord- 
ing to claim 6, wherein the medium comprises a to- 
tal of n information layers including said information 
layer, where n is an integer not less than 2, and said 
information layer is located at a position closest to 
the transparent substrate among the n information 
layers. 

12. The optical information recording medium accord- 
ing to any one of claims 1 to 1 1 , wherein the record- 



so 



wherein a product VT of a linear velocity V of 
the recording medium with respect to the light beam 
and a time T to maintain the light beam for irradia- 
tion at the peak power is determined, and the time 
T is set so that the product VT increases with an 
increase in the liner velocity V in terms of unit length 
55 of the recording mark. 

1 9. A recording apparatus for the optical information re- 
cording medium according to any one of claims 1 
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to 1 5, comprising: 

a rotation means for rotating the recording me- 
dium; 

an irradiation means for irradiating the medium 5 
that is rotated by the rotation means with a light 
beam to form a recording mark; and 
a modulation means for modulating the light 
beam emitted from the irradiation means be- 
tween a peak power and a smaller power than 10 
the peak power, 



wherein a product VT of a linear velocity V of 
the recording medium with respect to the light beam 
and a time T to maintain the light beam for irradia- is 
tion at the peak power is determined, and the mod- 
ulation means sets the time T so that the product 
VT increases with an increase in the linear velocity 
V in terms of unit length of the recording mark. 
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